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bstract
An efficient alkaline protease producer was isolated from the water of the hyperalkaline-saline Lonar soda lake and identified
s Bacillus  alcalophilus  LW8 by culture-dependent techniques by its morphological, microscopic, biochemical, physiological and
olecular characteristics. The 16S rRNA gene sequence was submitted to the GenBank nucleotide repository under accession number
C689353. Alkaline protease production was optimized by adopting a one-variable-at-a-time approach in a submerged fermentation
ystem in modified fermentation medium (MFM). The optimized components of MFM were (w/w) casein (1%), sugarcane molasses
1%), NaCl (1%), ammonium sulphate (0.5%), KH2PO4 (0.05%), K2HPO4 (0.05%) and Na2CO3 (1%). Optimized culture conditions
ere used for alkaline protease production. The final yield of partially purified alkaline protease after dialysis was 53.35%. The
olecular mass of the dialysed alkaline protease was 27 kDa. On a Lineweaver–Burk plot, the calculated Km and Vmax values were
4 mg/mL and 1000 U/mg, respectively. The enzyme was remarkably stable in the pH range 7.0–12.0, with optimum activity at pH
0.0. LW8 alkaline protease was completely inhibited by phenylmethylsulphonyl fluoride at 10 mmol/L, indicating that the enzyme
2+ 2+ 2+ 2+ 3+ 2+ 2+elongs to the serine protease class. The metal ions Ca , Ba , Mg , Zn , Fe , Cu and Mn increased the catalytic activity of
artially purified alkaline protease. The protease effectively decomposed the gelatinous coating on an X-ray film, hydrolysed blood
lot, a blood-stain from a piece of cotton fabric and hairs from a piece of goat skin.
 2014 Taibah University. Production and hosting by Elsevier B.V. All rights reserved.
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Lonar crater (19◦58’ N, 76◦31’ E) is a simple,
owl-shaped, near-circular, remarkably well-preserved
epression in the otherwise featureless Deccan Plateau∗ Corresponding author. Tel.: +91 9404732162.
E-mail address: anupama.micro@rediffmail.com (A.P. Pathak).
eer review under responsibility of Taibah University
658-3655 © 2014 Taibah University. Production and hosting by
lsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.jtusci.2014.04.002in Buldhana district, Maharashtra State, India [1]. It was
first brought to international notice in 1823 by a British
officer CJE Alexander [2]. Lonar soda lake is a habitat
conducive for alkaliphiles and alkali-stable extracellular
enzyme producers.
Isolation of microorganisms to be used in industrial
applications from sources such as alkaline habitats is
much preferred, as these strains produce enzymes that
are stable under high alkaline conditions and can resist
chemical denaturants present in detergents. There is a
growing need to develop a cost-effective, environment-
friendly method for synthesizing such enzymes, to
replace traditional carbon and nitrogen sources in vari-
ous media. Use of agro-industrial residues as carbon and
nitrogen sources has become popular in the synthesis
of eco-enzymes. The aim of this study was to optimize
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alkaline protease production by Bacillus  alcalophilus
LW8 and to investigate its biotechnological applications.
2.  Material  and  methods
2.1.  Isolation  and  screening  of  alkaline  protease
producers
Water samples were collected from Lonar Lake, and
their pH was measured. A composite water sample
was inoculated into basal medium containing (g/L) glu-
cose 2.0, casein 0.5, peptone 0.5, yeast extract 0.5,
Na2CO3 10.0 and salt solution 50 mL [salt solution:
(g/L) KH2PO4 5.0, MgSO4·7H2O 5.0 and FeSO4 0.1]
enriched at 30 ◦C and 100 rpm for 24 h, then incubated in
an orbital shaking incubator [3]. The enriched broth was
diluted and spread on Horikoshi and Akiba agar plates
[4], which were incubated at 30 ◦C for 48 h. Isolated
colonies were cultivated on Horikoshi and Akiba agar
slants. Cultures were incubated on alkaline casein agar
[5], and amido black solution was flooded onto the plates
[6] to screen for alkaline protease production. Cells
(1%, v/v) from each isolate were grown overnight and
inoculated into modified fermentation medium (MFM)
comprising (g/L) casein 10.0, K2HPO4 0.5, KH2PO4 0.5
and Na2CO3 10.0 and incubated at 30 ◦C and 200 rpm for
72 h. The cultures were then centrifuged at 10 000 rpm
for 10 min at 4 ◦C [7]. Cell-free supernatants were sub-
jected to the qualitative casein cup assay [3,6,7], and
a modified Anson’s quantitative assay for alkaline pro-
tease activity [8] was carried out. One proteolytic unit
was defined as the amount of the enzyme that releases
1 mol/min of tyrosine under the assay conditions [8,9].
Total protein content was determined with bovine serum
albumin as the standard [10]. The isolate that yielded the
highest alkaline protease activity, LW8, was selected for
further studies.
2.2.  Preliminary  and  molecular  identiﬁcation
The LW8 isolate was characterized by determin-
ing its morphological, microscopic and sugar use
characteristics, enzyme profile, antibiotic sensitiv-
ity and physiological attributes [4,9,11–15]. Further,
it was subjected to 16S rRNA molecular analysis.
DNA was extracted by InstaGene Matrix (Bio-Rad,
USA) treatment from cell pellets [16], and the
16S rRNA gene was amplified in a thermocycler
(Applied Biosystems, USA) with pair of primers
(forward (27f) AGAGTTTGATCMTGGCTCAG and
reverse (1492r) TACGGYTACCTTGTTACGACTT)
[7,17,18]. The amplified 16S rDNA PCR product wasniversity for Science 8 (2014) 307–314
gel-purified with a QIAquick Gel Extraction kit (Qia-
gen, USA) [19] and sequenced in an ABI PrismTM
377 automated DNA sequencer (Applied Biosystems,
USA) [18,20]. The deduced sequence was com-
pared with GenBank data by the BlastN search
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) [21,22]. Phy-
logenetic and molecular evolutionary analyses were
conducted with MEGA version 6.06 software [23]. A
phylogenetic tree was constructed by the neighbour join-
ing method [24]. Bootstrap analysis 1000 replication was
applied [25]. The evolutionary distances were computed
by the maximum composite likelihood method [26].
2.3.  Optimization  of  physicochemical  parameters
for maximum  alkaline  protease  production
Factors that affect protease production, such as induc-
ers, carbon and nitrogen sources, pH, temperature and
salt concentration, were optimized by a search technique,
i.e. a one-variable-at-a-time approach in a submerged
fermentation system in MFM. The range of optimum
parameters achieved by one step was fixed subsequently
in the next step [3,7]. The effect of time and agita-
tion on protease production by the LW8 isolate was
determined. A culture of LW8 grown overnight, with
A600 = 0.9154 was inoculated into MFM and incubated
with shaking (50–200 rpm) and under static conditions
at 30 ◦C for 96 h. Samples were withdrawn aseptically
every 24 h, and the catalytic activity of alkaline protease
was determined under standard assay conditions [3,7,8].
The parameters tested for maximum protease production
were pH (8.0–12.0), temperature (20–60 ◦C), salt con-
centration (0–7% NaCl) and inoculum size (1–5%) [3,7].
The inducers tested were casein, skimmed milk, gelatin,
peptone, tryptone, casein hydrolysate, yeast extract, beef
extract, meat extract, flour made of seeds (corn, pump-
kin, soybean, green gram, chick pea), dried powdered
cow dung [27,28], feathers and defatted seed meals
(soybean, mustard, corn, groundnut, cotton, sesame, sun-
flower and safflower), amended at a concentration of 1%
(w/w) in MFM. The best inducer was evaluated for opti-
mum concentration between 0.5% and 3.0% [3,7,29].
The effects on alkaline protease production by the LW8
isolate of synthetic carbon sources (arabinose, glucose,
glycerol, lactose, mannitol, ribose, sorbitol, sucrose and
xylose), low-cost agricultural residues (dried powder of
wheat bran, rice bran and sugarcane bagasse), industrial
residue (sugarcane molasses), inorganic nitrogen sources
(ammonium sulphate, ammonium nitrate, ammonium
chloride) were investigated at a concentration of 1.0%.
The optimum carbon and nitrogen source concentration
for enhanced enzyme production was also determined
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3,7,29,30]. For bulk production, 500 mL of optimized
odified fermentation medium was prepared in a 1-L
rlenmeyer flask. After sterilization, an optimized quan-
ity of prepared inoculum was inoculated and incubated
nder optimized culture conditions [3,7].
.4.  Puriﬁcation  and  characterization  of  alkaline
rotease
After completion of production, a cell-free super-
atant of LW8 was extracted by centrifuging whole
ermented broth at 10 000 rpm and 4 ◦C for 10 min.
nzyme precipitation was carried out with concen-
rations of ammonium sulphate of 10–100% at 4 ◦C
nd kept overnight [3]. The enzyme precipitate was
ollected by centrifuging the ammonium sulphate frac-
ions at 10 000 rpm for 20 min. The catalytic activity
f the enzyme solution was determined under standard
ssay conditions. The active fractions were dialysed
gainst 0.2 mol/L glycine–NaOH buffer (pH 10.0), and
he enzyme activity was determined. The total protein
ontent of the enzyme was determined by the method
f Folin and Lowery [10]. Sodium dodecyl sulphate-
olyacrylamide gel electrophoresis (SDS-PAGE) was
sed to determine the molecular mass by comparison
ith the standard broad-range protein markers (Merck
iosciences) [7,31,32]. The hydrolytic activity of the
artially purified alkaline protease was examined with
% (w/v) of various proteinaceous substrates, such as
asein, bovine serum albumin, egg albumin, feather meal
nd haemoglobin [7]. Concentrations of casein substrate
olution ranging from 5 to 20 mg/mL were prepared
n 0.2 mol/l glycine–NaOH buffer (pH 10) and used
o determine the optimum substrate concentration for
he catalytic activity of alkaline protease. Km and Vmax
alues were calculated from a Lineweaver–Burk plot
33,34]. The concentration of casein at which max-
mum enzyme activity was obtained was considered
o be 100%, and relative enzyme activity was deter-
ined. The catalytic activity of the partially purified
nzyme was screened at pH 6.0–13.0 at increments
f 1.0 unit in an appropriate buffer system [21,32].
H stability was determined by pre-incubating partially
urified enzyme for 15–60 min at room temperature with
ppropriate buffers (pH 6.0–13.0, 200 mmol/L), and the
esidual activity was measured under standard assay
onditions.
The catalytic activity of the partially purified alkaline
◦rotease was measured at temperatures of 20–70 C at
ncrements of 10 units. Thermostability was determined
y pre-incubating the partially purified alkaline pro-
ease at these temperatures for 15–60 min, and residualniversity for Science 8 (2014) 307–314 309
activity was determined as described previously [21,32].
The effects of various protease inhibitors, oxidizing
agent, chelator, surfactants, solvents, metal ions and
laundry detergents on enzyme activity were determined
by pre-incubating the enzyme in these chemicals for
30 min at room temperature; residual activity was mea-
sured under standard assay conditions. The laundry
detergents were boiled for 15 min and cooled before
use [7,21,32]. Partially purified alkaline protease derived
from LW8 was also tested for blood-stain removal on
cotton fabric [21], degradation of the gelatinous coating
of X-ray film [21], liquefaction of goat blood clots and
removal of hairs from goat skin [7].
2.5.  Statistical  analysis
Mean values were derived from experiments per-
formed in triplicate and used for graphical and tabular
representation of data. Error is indicated as standard
deviation (n  = 3) calculated with MS-Excel 2013 soft-
ware [7].
3.  Results  and  discussion
3.1.  Isolation,  screening  and  identiﬁcation  of
protease-producing  bacteria
The pH of the Lonar Lake water samples was 10.
After enrichment of samples, 87 colonies were found on
the agar plates, and 15 morphologically distinct colonies
were isolated. Of these, seven showed a zone of clearance
on alkaline casein agar plates. The isolate with the largest
clearance zone and with significantly higher activity
(396.67 ±  15.27 U/mL) was designated LW8. A cell-free
supernatant of LW8 showed a zone of clearance around
the well in a casein agar plate. The phenotypic, biochem-
ical and physiological characteristics of the LW8 isolate
are shown in Table 1. The nucleotide sequence of the
16S rRNA gene of the isolate showed greatest homol-
ogy (100%) with the previously published sequence of
Bacillus alcalophilus  strain IARI-IHD-22. The sequence
was deposited in the NCBI nucleotide sequence repos-
itory with accession number KC689353. On the basis
of the morphological, microscopic, biochemical and
physiological attributes, antibiotic sensitivity and mole-
cular analysis, LW8 was identified as B.  alcalophilus.and some other members of the phylum Firmicute
and class Bacilli showed distinct clustering of isolates
based on partial sequences of the 16S rRNA gene
(Fig. 1).
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Table 1
Characterization of Bacillus alcalophilus LW8 isolate.
Characteristic
Morphology
Colony shape Circular
Size (mm) 2
Margin Entire
Surface Raised
Colour Dirty white
Density Opaque
Consistency Dry
Microscopic features
Cell shape Rods
Cell size (m) 3.0 × 0.5
Flagellar arrangement Peritrichous
Position of endospore Sub-terminal
Gram Positive
Biochemistry
Adonitol −
Arabinose w+
Cellobiose −
Fructose −
Galactose −
Glucose w+
Glycerol +
Inulin −
Lactose w+
Maltose −
Mannitol +
Mannose −
Mellibiose −
Raffinose −
Rhamnose −
Ribose +
Salicin −
Sorbitol w+
Sucrose w+
Trehalose −
Xylose +
Gas and H2S production −
Indole test w+
MR test −
VP test −
Citrate test −
Enzyme profile
Catalase +
Oxidase +
Amylase +
Cellulase −
Pectinase −
Lipase −
Urease −
Protease
Caseinase +
Gelatinase +
Physiological attributes
Temperature growth range (◦C) 20–60
Optimum temperature (◦C) 30
pH growth range 8–13
Optimum pH 10
NaCl tolerance (%) 0–6
Table 1 (Continued)
Characteristic
NaCl required for optimum growth (%) 1
Time for optimum growth (h) 48
Antibiotic sensitivity (g/disc) Size of zone (cm)
Penicillin 2.5
Ampicillin 3.2
Chloramphenicol 2.5
Tetracyclin 2.6
Streptomycin 1.9w+, weakly positive; +, positive; −, negative.
3.2.  Optimization  of  physicochemical  parameters
for maximum  alkaline  protease  production
B.  alcalophilus  LW8 exhibited maximum growth
and alkaline protease production (510 ±  10 U/mL) at
pH 10 and 30 ◦C after 48 h of incubation with
shaking at 100 rpm. Further enhanced production
(526.67 ±  7.63 U/mL) was recorded when 1% NaCl
added to the MFM. Prolonged incubation and static
conditions reduced protease production. Alkaline pro-
tease production and growth of LW8 were increased
(548.33 ±  10.40 U/mL) when 4% of inoculum was
added; a further increase in inoculum size (5%) enhanced
growth but reduced protease production.
The effects of inducers on alkaline protease pro-
duction are shown in Fig. 2A. Significant growth
and protease production were seen with casein
(548.33 ±  10.40 U/mL), followed by skimmed milk,
gelatin, casein hydrolysate, soybean seed flour, feather
meal, pumpkin seed flour, defatted soybean meal, chick
pea seed flour, powdered cow dung, defatted ground-
nut meal, groundnut flour, defatted corn meal, yeast
extract, defatted sunflower seed meal, defatted saf-
flower seed meal, defatted cotton seed meal, corn
seed flour, beef extract, defatted sesame seed meal,
tryptone, peptone, meat extract and defatted mustard
seed meal. The maximum level of protease production
(548.33 ±  10.40 U/mL) was obtained when the medium
was supplemented with 1% (w/w) casein as an inducer;
further increases in concentration did not increase pro-
duction further.
Extracellular alkaline protease production varied with
the carbon and nitrogen source (Fig. 2B). Enhanced
growth and production were seen in medium supple-
mented with sugarcane molasses (564 ±  1.73 U/mL),
followed by glucose, sucrose, lactose, mannitol, sor-
bitol, ribose, sugarcane bagasse, rice bran, wheat bran,
xylose, arabinose and glycerol. Of the inorganic nitro-
gen sources tested, maximum growth and alkaline
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 Bacillus subtilis (AB474001)
 Bacill us atrophae us strain BCRC  17123  (E F433409 )
 Bacillus pumilus strain 3-19 (HQ650161)
 Bacill us alca lophil us strain TCCC11004  (E U231621 )
 Bacill us firm us strain S8-17  (E U624421 )
 Bacill us cibi  strain S8-15  (E U624419 )
 Bacill us ce reus strain SV 1 (E U327888 )
 Bacill us ce reus strain CA15  (GQ355961 )
 Bacill us thuringiensis strain GMC111  (AB741469 )
 Bacill us horikoshii  strain C277  (AB741804 )
 Bacill us vireti  strain A4 (GQ304780 )
 Bacill us clarkii  (AB358959 )
 Bacill us halodurans strain CM1 (JN903769 )
 Bacill us ak ibai  (AB043858 )
 Bacill us alca lophil us strain LW 9 (KC668317 )
 Bacill us alca lophil us strain LW  8 (KC689353 )
 Bacill us alca lophil us strain IARI-IHD -22  (KF054897 )
 Bacill us simplex  strain NBRC  104473  (AB682206 )
 Kurthia gibsonii  strain NBRC  15534  (NR041520 )
 Bacill us clausii  strain KSM- K16  (AB251922 )
 Kurthia sp.  JC30  (JF824795 )
 Bacill us sphae ricus strain AU3 (E F032669 )
 Sporosa rcina pas teurii  strain WJ-2 (KC211294 )
 Bacill us mojave nsis NBRC  104460  (AB682193 )
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Fig. 1. Phylogenetic tree, phylogenetic affiliation of some taxa in phylum Firmicute and class Bacilli showing distinct clustering of isolates based on
16S rRNA partial gene sequences. The tree was constructed with the neighbour-joining method with 1000 bootstrap replications. The tree is drawn
to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The analysis involved 24
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ptimal tree with the sum of branch length = 0.80749455 is shown. Th
rotease production were found with ammonium sul-
hate (552.33 ±  13.65 U/mL), followed by ammonium
hloride and ammonium nitrate. The greatest production
f alkaline protease (569 ±  1.73 U/mL) was seen at opti-
um concentrations of sugarcane molasses (1.0%, w/w)
nd ammonium sulphate (0.5%, w/w); further increases
ecreased production.
.3.  Production,  partial  puriﬁcation  and
haracterization  of  alkaline  protease
When concentrations of ammonium sulphate of
0–100% were added to 10 batches of 50 mL cell-freeiminated. There were a total of 376 positions in the final dataset. The
bar represents 0.01 nucleotide substitutions per site.
supernatant, a concentration of 60% have maximum
alkaline protease activity (450 U/mL).
The steps involved in partial purification of the alka-
line protease produced by strain LW8 are summarized
in Table 2. A consistent increase in fold purification
and specific activity at each step was observed. After
dialysis, the enzyme resulted in a 1.24-fold increase,
with 230.76 U/mg specific activity and 53.35% yield.
The molecular mass of the dialysed alkaline protease
was 27 kDa. Of the substrates tested, alkaline protease
had a better hydrolysing capacity against casein, fol-
lowed by bovine serum albumin, egg albumin, feather
meal and haemoglobin (Table 3). The optimum casein
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Fig. 2. Effects of various inducers and carbon and nitrogen sources on growth of LW8 strain and production of alkaline protease.
Table 2
Characteristics of partially purified alkaline protease from Bacillus alcalophilus LW8.
Purification step Total activity (U/mL) Total protein (mg/mL) Specific activity (U/mg) Purification fold Yield (%)
Cell-free supernatant 573 ± 2.64 3.1 184.83 1.00 100.0
Enzyme precipitate 450 ± 8.66 2.0 
Dialysate 300 ± 10.0 1.3 
concentration for the catalytic activity of the protease
was 10 mg/mL. As per a Lineweaver–Burk plot, the cal-
culated Km and Vmax were 24 mg/mL and 1000 U/mg,
respectively (Fig. 3). The enzyme was remarkably sta-
ble in the pH range 7.0–12.0, with optimum activity at
y = 0.0244x + 0.0017 
R² = 0.9465 
0 
0.005 
0.01 
0.015 
0.000  0.200 0.400  0.600  
1/
[v
]  
1/[s] 
Lineweaver-Burk plot  
Fig. 3. Lineweaver–Burk plot of calculated Km and Vmax values.225.00 1.21 78.53
230.76 1.24 53.35
pH 10.0; residual activity greater than 50% was seen
at pH 6.0–12.0 but was reduced to 33.3% at pH 13.0
after 60 min of pre-incubation in appropriate buffers.
The enzyme had optimum catalytic activity at 50 ◦C
(350 U/mL), followed by 40 ◦C, 30 ◦C, 20 ◦C, 60 ◦C and
70 ◦C before pre-incubation. The residual activity of
alkaline protease from the LW8 strain in the presence of
various chemicals, metal ions, solvents and detergents
is shown in Table 3. The catalytic activity of partially
purified LW8 alkaline protease was completely inhibited
by 10 mmol/L phenylmethylsulfonyl fluoride, indicating
that it is a serine alkaline protease.
3.4.  Wash  performance,  degradation  of  gelatinous
coating  and  liquefaction
ArielTM alone in tap water did not completely remove
a blood-stain from a piece of cotton cloth, but addition
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Table 3
Effect of various chemicals, metal ions, solvents, detergents and sub-
strates on activity of alkaline protease from LW8 strain.
Chemical Conc. Residual
activity (%)
Standard
error
Control – 100.0 ±0.69
Tween 20a 1% 98.28 ±1.72
5% 89.66 ±3.45
Tween 80a 1% 108.05 ±3.98
5% 95.40 ±3.98
H2O2c 1% 57.47 ±1.99
5% 28.74 ±3.98
Triton X-100a 1% 96.55 ±3.45
5% 79.31 ±6.90
EDTAb 1 mmol/L 94.25 ±5.27
10 mmol/L 58.62 ±3.45
20 mmol/L 20.69 ±3.45
PMSFd 1 mmol/L 18.97 ±1.72
10 mmol/L 0 0
DTTd 1 mmol/L 47.13 ±3.98
10 mmol/L 10.34 ±3.45
Metal ion Conc.
(mmol/L)
Residual
activity (%)
Standard
error
Mg2+ 1 113.79 ±3.45
10 114.94 ±3.98
100 55.17 ±3.45
Mn2+ 1 108.05 ±1.99
10 102.3 ±1.99
100 35.63 ±1.99
Cu2+ 1 114.37 ±3.59
10 111.72 ±4.20
100 44.83 ±3.45
Fe3+ 1 110.34 ±6.90
10 120.69 ±3.45
100 16.09 ±1.00
Zn2+ 1 125.29 ±1.99
10 113.22 ±2.63
100 94.25 ±7.18
Ba2+ 1 126.44 ±5.27
10 129.89 ±1.99
Metal ion Conc.
(mmol/L)
Residual
activity (%)
Standard
error
Ba 100 33.33 ±1.99
Hg 1 96.55 ±3.45
10 58.05 ±2.63
100 11.49 ±1.99
Ca 1 119.54 ±1.99
10 132.18 ±1.99
100 98.850 ±1.99
Solvent Conc. (%) Residual
activity (%)
Standard
error
Methanol 1 51.72 ±5.97
10 21.84 ±7.18
Ethanol 1 86.21 ±3.45
10 31.03 ±3.45
Acetonitrile 1 25.29 ±1.99
Table 3 (Continued.)
Solvent Conc. (%) Residual
activity (%)
Standard
error
10 0 0
Acetone 1 95.4 ±1.99
10 42.1 ±1.72
Diethyl ether 1 60.69 ±0.60
10 24.71 ±1.99
Ethyl acetate 1 39.08 ±1.99
10 19.54 ±1.99
Detergent Conc.
(mg/mL)
Residual
activity (%)
Standard
error
ArielTM 7 99.43 ±1.00
Surf excelTM 7 98.28 ±0.34
NirmaTM 7 96.09 ±0.40
SasaTM 7 95.29 ±1.11
WheelTM 7 93.22 ±0.53
RinTM 7 92.64 ±0.20
TideTM 7 90.92 ±0.40
Substrate specificity Conc. (%) Residual
activity (%)
Standard
error
Casein 1 100 0
Bovine serum albumin 1 93.54 ±3.17
Egg albumin 1 80.64 ±5.14
Feather meal 1 72.58 ±3.95
Haemoglobin 1 68.81 ±3.98
a Surfactant.
b Chelator.
c Oxidizing agent.
d Inhibitor.
of alkaline protease from LW8 effectively removed the
stain. It could therefore be used as an additive in laundry
detergents. The protease also completely decomposed
the gelatinous coating on a piece of X-ray film after
30 min of incubation, hydrolysed a blood clot effectively
after 10 min at 30 ◦C and effectively removed hair from
a goat skin after 7 h of incubation.
4.  Conclusions
An efficient alkaline protease producer was isolated
from Lonar soda lake and identified as B.  alcalophilus
LW8. Maximum alkaline protease production was
achieved in optimized modified fermentation medium
with various agro-industrial residues. The protease was
remarkably stable in the presence of various chemical
additives, including commercial laundry detergents. It
also decomposed the gelatinous coating on an X-ray film,
hydrolysed a blood clot, removed a blood-stain from cot-
ton fabric and removed hair from a goat skin. Hence, the
LW8 isolate and its alkaline protease could find potential
applications in biotechnological industries.
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